Abstract -The mechanism of the ruthenium catalysed oxidation of alcohols in alkaline aqueous solutions has been elucidated by kinetics and electrochemical studies. The active oxidising species is ruthenium tetroxide, RuO4. This chemistry can be applied to the oxidative destruction of organochlorine substances such as hexachlorobenzene, polychlorinated biphenyls, and organochlorine pesticides. Complete oxidation to carbonate and chloride occurs. In alkaline solution hypochlorite is a convenient oxidant. Even though bleach is relatively inexpensive, the economics of the process are in part determined by the stoichiometry. To reduce costs oxidation by oxygen is desirable. This can be accomplished electrocatalytically.
RUTHENIUM CATALYSED OXIDATIONS
Originally RuO4 was employed in organic chemistry as a stoichiometric reagent. Difficulties in handling the substance soon led, however, to its use as a catalyst. It is a versatile oxidant and has been used with a wide range of substrates which includes alcohols, aldehydes, 
This equilibrium is driven to the right by the rapid consumption of RuO4 in reaction with the substrate, Eq. 3:
The catalytic cycle is completed by the oxidation of ruthenate, RuOh2-, to perruthenate, RuOh-. With ferricyanide as the oxidant this reaction does not proceed to completion (Eq. 4).
For the oxidation of cyclohexanol either reaction ( 3 ) or (4) can be made rate-determining by the appropriate adjustment of conditions. The observed rate law is given by Eq. (5):
Ruthenate can also disproportionate in a pH dependent reaction (Eq. 6) to perruthenate and ruthenium(1V):
O X I D A T I O N OF ORGANOCHLORINES
Many organochlorine molecules are persistent environmental poisons. Although their manufacture has virtually ceased and they have been largely withdrawn from sale, there are substantial stocks both in use and in storage which require proper disposal. High-temperature incineration has been, until recently, the only method accepted for disposal of the largest class of these compounds, the polychlorinated biphenyls (PCB's). There has been significant opposition in some communities, however, to the siting of high-temperature incinerators, The economics of any catalytic oxidation process are in part determined by the stoichiometry. For example, for oxidation in alkaline solution hypochlorite is a convenient oxidant. Even though bleach is relatively inexpensive, complete oxidation of a mole of hexachlorobenzene requires 9 moles of Clq and 30 moles of NaOH. On a weight basis one tonne of c6c16 requires about 2 tonnes of C12 and 4 tonnes of NaOH.
Cgc16 + 9 C12 + 30 NaOH + 6 NaHC03 + 24 NaCl + 12 H20 02 + 2H20 + 4 e-+ 4 OH-
Oxygen in alkaline solution, however, is too weak an oxidant to regenerate the active RuO4 catalytic species. One solution is to conduct the two reactions separately in an electrocatalytic process. With a small applied voltage the ruthenium catalyst can be reoxidised at the anode and the electrocatalytic oxidation of organochlorines accomplished,
